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TECHNICAL NOTE
Experimental chronic renal failure in the rat by
electrocoagulation of the renal cortex
JANE BOUDET, N.K. MAN, PETER PILs, ANDRÉ SAUSSE, and JEAN-LOUIS
FUNCK-BRENTANO
Department of Nephrology, Institut National de la Sante et de Ia Recherche Medicate, Hôpital Necker, Paris, France
Experimental chronic renal failure in the rat with
reduced and stable glomerular filtration rate has been
previously studied, and several models have been
described. Most of the studies have used techniques
which attempt to reduce renal function by means of
reducing blood flow [1—3], by inducing perinephritis
[41, by surgically retlucing the parenchyma [5—101,
or by papillectomy [7, 11]. Diminution by surgery
seems to be the technique most often chosen because
of the possibilities of quantification which it affords.
The use of this technique does, however, entail the
risk of hemorrhage. This paper describes our attempt
to devise a simple technique for inducing an ad-
vanced, stable chronic renal failure without such
postoperative complications.
Methods
Adult male Wistar CF rats weighing approxi-
mately 300 g (310 7.71 g), 13 to 14 weeks of age,
were used for the experiments. The rats were housed
in individual metabolic cages (Safi-1700; Safi Co.,
Igny, France) for at least two weeks. The animals
received a standard diet: Extra-Labo M25 (Extra-
Labo Co., Provins, France) containing 24% protein
before surgery, then UAR A04 (UAR Co., Villemoi-
son-sur-Orge, France) containing 15% protein after
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surgery for increasing their carbohydrate intake for
the same caloric ration. Their body weight and uri-
nary volume were recorded daily. Once a week,
endogenous creatinine clearance was measured to
evaluate renal function. Only rats having a normal
increase in weight and a normal creatinine clearance
were retained for experimentation. Forty-three rats
were divided into 26 experimental animals, 12 con-
trol animals, and five sham-operated animals.
The animals were anesthetized with i.p. pentobar-
bital (Nembutal®, 2.5 mg/100 g). After median lapa-
rotomy, the adipose capsule of the right kidney, for
both experimental and sham-operated animals, was
removed carefully, preserving the adrenal gland from
injuries. Then a specially devised 16-needle plaque
(Fig. 1) was inserted into the whole surface of the
kidney. Each needle was 1-mm long and 0.59-mm
thick; they were separated by 1.2 mm. The proce-
dure could be achieved by repeating the shots with a
single needle. Electrocautery was carried out with a
coagulator (Coagulator®, Trophy-Radiologie Co.,
Vincennes, France) [4]. Current intensity and length
of contact were established to avoid tissue carboni-
zation. The kidney was replaced with usual aseptic
techniques, and the abdominal wall was closed with
double-layer sutures. Seven days later, with a short
anesthetic using ether, because of the brevity of the
procedure, we performed a laparotomy in both ex-
perimental and sham-operated animals. A contro-
lateral nephrectomy was performed after ligature of
the hila only in the experimental animals.
Postoperative follow-up. Weight, urine output,
and creatinine excretion were recorded daily. During
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Fig. 1. Electrocoagularion device and the holes on the renal
cortex.
the first postoperative weeks, the endogenous creati-
nine clearance, which has been previously shown to
be comparable to that of inulin in the rat [12, 13], was
measured every 10 days. When impaired renal func-
tion of experimental animals was stabilized, these
measurements were performed less frequently in or-
der to reduce the need of blood sampling, thereby
preserving the condition of the animals. Plasma and
urinary creatinine concentrations were evaluated by
the Knoll and Stamm technique [14].
Results
Animal survival and classification. No postopera-
tive mortality occurred. All the rats survived longer
than four months, and 75% of them survived longer
than six months (Fig. 2). A survival plateau, from
day 204 to day 239, separated the animals in two
groups: group I, 12 rats which survived 239 to 415
days; and group II, 14 rats which survived 139 to 204
days.
Weight. Weight gain slowed in all animals during
the seven days between electrocoagulation and ne-
phrectomy (Fig. 3). After nephrectomy, the weight
of group I animals remained stable, while group II
animals lost weight. Five days later, all animals
gained weight again. Within three months, group I
animals reached the weight of control group animals
and showed a weight identical to that of controls
during the following three months. Weight, again in
the group II animals, paralleled that of controls but
was approximately 10% lower. The weight loss dur-
ing the first month after the surgical procedure was
identical in sham-operated rats and group I animals.
Urine flow rate. Urine flow rate increased during
the first postnephrectomy days. In group I, it stabil-
ized during 150 days at 4.14 0.40 dJmin 100 g,
compared to 1.25 0.06 d/min 100 gin control rats.
Then it slowly increased to reach 4.90 0.40 d/min
• 100 g on the 210th day. In group II, urine flow
progressively increased from 3.26 0.52 d/min 100
g during the first 30 days to 5.51 0.20 d/min 100 g
on the 120th day, then reached 6.47 0.34 d/min
• 100 g on the 210th day. Two to three days before
death, the animals became oligo-anuric.
Creatinine levels. During the first postoperative
week, plasma creatinine concentration rose to 4.01
0.09 mg/100 ml in group I and group II. During the
next week, it dropped to 2.13 0.12 mg/100 ml in
both groups. Measured plasma creatinine levels of
the two groups then diverged. In group I, plasma
creatinine concentration decreased further and re-
mained stable at 1.67 0.06 mgIlOO ml for five
months, equal in value to three times higher than that
in control rats: 0.56 0.02 mg'lOO ml. In group II,
creatinine levels progressively increased during
seven months to reach 5.90 0.79 mgIlOO ml (Fig.
4).
Endogenous creatinine clearance. In group I ani-
mals, creatinine clearance stabilized at 114 4 l/
mm . 100 g for five months, a level which was 20%
that of controls (530 13 d/min 100 g). In group II
animals, endogenous creatinine clearance decreased
from 107 28 d/min 100 g at day 15, to 51 6 pAl
mm . 100 g at day 100.
Pathologic findings. In both groups, the macro-
scopic aspect of the electrocoagulated kidney was
the same. The cortex appeared coagulated. Very few
glorneruli were still visible after coloration by Alcian
blue, except in the juxtamedullary part of the cortex.
Hemorrhagic infarcts were seen in the medullary.
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Fig. 2. Survival rate (%) of rats after induction of renal failure.
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They were more numerous and more extensive in
group II than in group I. Under light microscopy
(Fig. 5a), group I animals had large parenchymic
areas free of lesions. In group II, lesions were dif-
fuse. Isolated zones of tubular hypertrophy were
surrounded by fibrous zones with inflammatory infil-
tration (Fig. 5b). The most interesting pathological
findings were the glomerular lesions. They were seg-
mental and nonproliferative, with deposits and syne-
chia to the Bowman's capsule. These glomerular
lesions were observed in both damaged and normal
areas, being visible more often in group I kidneys. In
group II, most of the glomeruli were hyalinized; some
of them showed large segmental fibrohyalin lesions.
No vascular changes of the small arteries were seen.
Discussion
As in most techniques for inducing chronic renal
failure in the rat, postoperative mortality is nil in our
method. Hemostasis is induced by superficial corti-
cal electrocoagulation, a method which thus avoids
the necessity to use various antihemorrhagic proce-
dures [12, 15]. Neither does this method require
subsequent destruction of regenerating renal tissue
[6, 8], nor preventive irradiation [16, 17]. Electro-
coagulation combined with controlateral nephrec-
tomy and bacterial contamination previously have
been proposed to study renal failure in the dog and
84 Boudet et at
600
500
400
300
200
1 00
—100
—7
— Control
Group!
Group II
0 4 8101520
Time, days
30
—70 100 200
Time, days
40 50
Fig. 3. Weight gain curve as function of time. R. Ec. = renal electrocoagulation of the right
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Fig. 4. Plasma creatinine concentrations as a function of time and
creatinine clearances.
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the rat during experimental pyelonephritis [3, 18].
None of these techniques allows a long-term follow-
up of chronic renal failure. The technique that we
describe provides the possibility of standardizing the
long-term pattern of chronic renal failure evolution.
Weight curve of the rats following nephrectomy
could indicate their subsequent outcome. A stable
weight during the first five days followed by progres-
sive increase to reach that of controls shows that an
animal belongs to a group (group I) where, within
one month, animals develop chronic renal failure
which remains stable during five months, with a
creatinine clearance about 80% less than that in con-
trols. Weight loss during the first five days, followed
by a weight gain remaining 10% less than that in
controls, indicates that these animals (group II) will
develop a progressively increasing chronic renal
failure.
Histological lesions are similar in both groups,
being less diffuse and intense in group I than it is in
group II. Glomeruli in both groups show segmental
and nonproliferative lesions.
In conclusion, this simple experimental method for
inducing chronic renal failure in the rat provides the
possibility of standardizing the pattern for a long-
term follow-up.
Reprint requests to Dr. J. L. Funck-Brentano, Hdpital Necker,
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